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ABSTRACT

The superconductivity of the Y1_XRXBa2Cu307a system is quenched as x increases. It

has been speculated that Pr has valence 4+, resulting in extra charge in the CU-C)planes, and

causing TC-quenching, To study the R electronic state, we have measured valence band resonant

photoemission of the Y1_XPrXBazCu307d system for x=O, 0.2, 0.4, 0.6, 0,8 and 1,0. We find

that the Pr valence is close to 3+ for all x and that the extracted R 4f spectral weight has

a complex lineshape, implying extensive Pr 4f/ O 2p hybridization which probably causes the

TC-quenching by disrupting the electronic or magnetic structure of the x=O material, perhaps via

a R-CU supertz :change interaction.
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1. INTRODUCTION

A clue to the origin of the high tempcratm superconductivity of YBa2Cu307a may lie

in the interesting finding that the superconductivityy of Y 1-XPrxAazCus07a is quenched with

1‘3 Except for La, with transition temperature TC - 70K to 80K, and Tb and Ce,increasing x .

for which the compounds do not forrn4, supcrconductivitv with TC near 90K has been found in

RBazCusOy~ !-9. From the magnetic susceptibility measurements an effective magnetic moment

of 2.7pB/ Pr-ion was extracted, independent of X1, suggesting that the I% valence has a fixed

value of about 3.8. It can be speculated that if Pr has valence 4+, them will bc extra charge in

the CU-O planes, causing Tc-quenching, by filling the holes in the CU-O planes. In contrast, the

lattice constants of the RBazCu3074 series strongly suggest that I% is trivalen:. In fact, the

Pr valence was concluded to k close to 3+ from x-ray absorption (XAS) measurcmentslO*l1,

although it was proposed that the Tc-quenching is due to charge transfer, arising from a modest

deviation of valence from 3+ toward 4+.

It is thus important to know whether the Pr ion in the Yl_xRXBa2Cu307q alloy system is

mixed valent or not. The discrepancy i~ the R valence obtained from different experiments

stimulated us to investigate whether there are systematic changes in the Pr 4f electronic states

as WC1las in the O 2p and Cu 3d states, as a function of x, using electron spectroscopy, which

is one of the most powerful and direct measurements of the electronic structure of the materials.

In this paper wc focus on the R clectronk state, which we have studisd by measuring valence

band resonant photoemission @ESPES) of Y1.xPrXBa2Cu30T4, near the R 4d absorption edge

(for x=O, 0,2, 0.4, 0.6, 0.8, and 1.0), inc!uding photoelectron energy d~srnbution curves and

two yield spestra, the constant-initial-state (CM) spectrum and the constant-final-state (CFS)

spectrum, described below, In agreement with XAS, we find that the R valence is close to

3+ for all x, and wc also find the new information that the extracted R 4f spectral weight is

very broad and asymmernc, implying extensive hybridization between Pr 4f and other valence

band states, We speculate that the hybridization probably causes the T,-quenching by disn]pting

the electronic or magnetic structutt of YBa2Cu107q, This mechanism would apply particularly
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to the rare earths Pr, Ce and Tb, which have small 3+ ionization energies degenerate with the

other valence band states.

The RESPES technique is used for this material to enhance the 4f emission12 relative to

that from filled Cu and O states, which otherwise dominate the valence band spectrum because

of cross-section differences 13 and because many more electrons conrnbute. The resonance in

the total 4f cross-section arises from the transition of a 4d electron into the 4f shell, producing

intermediate excited states, followed by an Auger decay, such as

4d104F+ photon ~ [4d94f”+*] ~ 4d104f”-1+ photoelectron

The quantum interference between this and the direct photoionization channels gives rise to a

Farm-type lineshape14 in the total 4f cross-section with a minimum near the 4d absorption edge

followed by a subsequent maximum. These resonance Iineshapes can be observed in CIS and

CFS yield spectra. CIS spectra are taken by sweeping the photon energy (hv) and the kinetic

energy (Ek) of the electron amdyzer simukaneously, so as to maintain Ei=Ek+~hv fixed, where

~ is the work function of the analyzer. This technique therefore measures the hv-dependence

of the cross-section of a fixed binding-energy photoelectron peak. CFS spectra are obtained

by fixing Ek at a small value (which we set to be Ek=5 ev) and varying the photon energy

hv. The CFS collects primarily inelastically scattered ekxmons coming fmm deep within the

bulk (Ek=h~+Ei–E~w-@), where Ekm is the energy lost due to inelastic scattering, and hence is

generally thought to be proportional to the bulk photoabsorption spectrum,

Consi&rirtg interconfiguraaon fluctuations (ICF), the scenario for the valence band spectrum

in an insulating rare earth oxide is different horn that in a metallic materiaL15 In the metallic

case, with ICF between P?+ and R4+, the traditional ICF view is that the peak corresponding to

4f24 4f1 is located at ~F, and a new peak corresponding to 4f1~4~ appears at approximately U

below EF, where U is the onsite Coulomb interaction between two f electrons, [n this view, some

electrons tim the 4f shell fill conduction band states at EF. For lCF in an insulating R-oxide,

with stoichion~etry such that P?+ corresponds to a filled oxygen band, Pr4+ can occur only by

hybridization to conduction band states across the insulating gap, a process reduced by the gap
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and by the weak hybridization, which usually involves coupling of a Pr 4f waveftmction on one

site with a R 5d wavefunction on another site. Instead hybridization between Pr 4f and oxygen

2p states mixes 4f3L states into the otherwise ionic 4P ground state, where L means a ligand hole

in the valence band. The valence band spectrum then shows an ‘ionization’ peak from 4f1 final

states, and a ‘relaxation’ peak fkom 4f2L final states pinned to the top of the valence band, so that

the energy separation between the former peak and the latter peak is not related to U15. In either

case, RESPES can provi& a method to separate emissions from different valence states 16’17

because the intermediate state of the resonance is different for the different valence states and

so their photon-energy dependence, i.e., the CIS spectra, are not the same. CFS spectra for the

ICF material typically show absorption features due to two different valence states.

In the rest of this paper, we present in section II the experimental details and in seaion

UI, the l?ESPES results for Pr 4f emission. In section IV, wc give a summay and discuss the

implications for TC-quenching.

Il. EXPERIMENTAL DETAILS

The samples were prepared as described in Ref. 1, by mixing stoichiometxic amounts of the

oxide powckrs of %6011, Y@3, BaC03 and CUO. The powders were sintered three hmes at

900’ C for several hours in air. The samples were then annealed at 950’ C in flowing oxygen for

about 40 hours and then slowly cooled to room temperature in about 30 hours. X-ray diffraction

shows that the alloys Yl.XPrXBa2Cu307+ form in a single phase with the same orthorhombic

perovskite crystal structure as for x=O, but that the degree of the orthorhombic distortion relative

to the corresponding tetragonal structure is noticeably diminished’ upon substitution of R, With

incttasing x from x=4.),the normal state electrical msistivity shows a transition from metallic

to semiconduc:ing behavior, and a monotonic suppression of TC which reaches mro at x- (),6,

BaCu02 in amounts less than 8 mol% is observed in the x-ray data for x=0, 0,2, and 0,4, Since

it does not involve R, this impurity will not affect the results reported here,
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Room temperature resonant photoemission measurements were performed at the Stanford

Synchrotron Radiation Laboratory using photons obtained from the ~asshopper monochromator

on beam line III-1 and using a commercial double-pass cylindrical mirror analyzer (CMA) to

analyze the kinetic energies of the emitted electrons. The measured surfaces were obtained by

cleaving the samples in situ in a vacuum chamber having a base pressure of 7 x 10-11 Torr. The

experimental resolution, determined mostly by the CMA, is 0.5 eV unless otherwise indicated.

The Fermi level of the system was determined from the valence band spectrum of a gold sample

evaporaud onto a stainless steel subtrate in siru. The phcton flux was monitored by the yield

from a stainless-steel target and the spectra reported below have all been normalized to this yield.

Ill. Results

Fig. 1 shows normalized valence band spectra for x=1.0 at several photon energies near

the R 4d~4f absorption edge. Inelastic backgrounds wen: removed from the spectra by a

standard methodl 2. Although the overall shape for x=1.0 is vwy similar to those for x=O in the

literature**-m, there are new feature due to the resonating behavior of the Pr 4f states. The R

4f emission between EF and -6 eV shows a Fano minium at hv=l 15 CV and a Fano maximum

at hv= 124 eV. The resonating R 5p cmissio.~ can also be seen at artmnd -20 eV, under which

lies a rather broad bump with the character of Y 4p and O 2s states. The main band with a

peak at about -5 eV is emission from Cu 3d/ O 2p states and the –9 eV feature present in all

the spectra is not well understood yet. The -2.5 eV shoulder, which is also not understood in

detail, but certainly involves oxygen states, can be seen clearly in the off-resonance spectrum

with hv=l 15 cV. We have observed that this shoulder increases with x relative to the main peak.

The -12 eV Cu da satellite peak” is hard to distinguish for these photon energies because of

the large emissions from the 13a5p states at -13 eV and -16 eV The emissions from the Ba

5p states decrease as the photon energy increases from 1I5 eV because the cross-section has a

Fano resonance at hv= 108 eV due to Ba 4d--t4f absorption. Similarly, the emission at around

-29 eV from the Ba 5s state is also decreasing,
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Fig. 2 compares the Pr 4f spectra extracted from RESPES for x=O.2, 0.4, 0.6.0.8, and

1.0. The spectra are scaled to have the same magnitude at the main peak. Each is obtained by

subtracting the spectrum at the Fano minimum (hv=l 15 eV) from that at the Fano maximum

(hv=l 24 eV), both taken with resolution of 0.35 eV. Before subtraction, the 115 eV spectra

were scaled by a =0.9 to account for the hv-depcdence of the non-4f emission where n was

determined from the CIS spectrum of the Cu 3cUO 2p main band for x=O. The shapes of

the off-resonance spectra (hv=l 15 eV) are almost identical for all x. The areas under the Pr

4f spectral weights, calibrated by scaling the off-resonant spectra to be identical, are roughly

proportional to the R-concentration as expected, with th< relative ratios of A(x=O.2): A(O.4):

A(O.6); A(O.8); ,4(2.0) = 0.34: 0.44: 0.58: 0.80: 1.18,

The main featwt of Fig. 2 is that the shapes of the extracted Pr 4f spectra are essentially

the same for all x, with the R 4f spectral weight essentially zem at EF, rising to a large peak

just below EF, and then spreading out asymmerncally through the Cu 3d/ O 2p states, extending

to -8 eV, The absence of weight at EF is contrary to what is usually expected for strong mixed

valence, while the spectral shape for the 4f state reflects extensive hybridization between R

4f and other valence band states. Broad and asymmernc 4f lineshapes also were observed in

several R intermeudlic compounds “x having valence close to 3+, and could be analyzed using

26 In this treatment, hybridization effects and the large 4fthe impurity Anderson Hamiltonian ,

12’26 Even in R metal, a weak 4f feature27Coulomb interaction play an important role . near

-1 eV was described2b as due to hybridization effects using the impurity Anderson Hamiltonian,

The top pan of Fig, 3a shows the CIS spectra taken at the binding energy El= -4).8 eV for

x=0,2, 0,4, 0.6, and 0.8, scaled to one mother to compare their Iineshapes, They arc essentially

identical for all x, suggesting no valence ch~nge as a function of x, which is consistent with the

magnetic moment results 1, The Pr 4f CIS spectrum of Y1-XPrxBa*Cu30T+ is very similar to the

4f CIS of Pr-meta12B,for which the Pr valence is close to 3+, in having a Fitno Iineshape with a

maximum a! hv=124 eV, which su~gests that the valence of the Pr states tit El= -4),8 eV is iilso

close to 3+. Ile Pr mctid CIS is shown at the bottom of Fig. 38. The only difference is that the

5



R 4f CIS of Y1_=RXBalCu30Ta has a more pronounced shoul&r near 13leV than does the Pr

4f CIS of Pr metal. Such an extra shoulder occurs in the CIS for states near EF in R met.a12a.In

Fig. 3b, three CIS spectra taken at Ei values ~f 4.8 eV, –3. 1 eV, and -6 eV, are compared on

the same intensity scale for x=().8. For other values of x (not shown here), the spectra am very

similar to those of Fig. 3b. The bigger intensity at ~= -4).8 CV reflects the peak in the Pr 4f

spectral weight at this Ei. This figure shows that the Iineshape of the CIS is invariant for different

values of ~ over the range of the Pr 4f spectral weight distribution, which indicates that the

emission does not have separate, non-overlapping conrnbutions fmm two valence states. Thus

the CIS spectra of the Pr 4f states give evi&nce that the valence of F%is close to 3+ for all x.

Fig. 4a shows CFS speztra for hv near the F%4d absorption edge for x=O.2, 0.4,0.6, and 0.8,

scaled to one another as is done in Fig 3a. The spectra have two absorption features at 124 eV

and 131 eV which are similar to those for F%m.e~taln,and art extra feature at 119 eV. Since the

CFS spectrum for x=O (not shown here) shows the same feature at about 119 eV but no features

at 124 eV or 131 eV, this extra feature is identified as coming from 13a4d~4f absorption. To

account for the non-Pr absorption for x>O, the CFS spectrum for x=O is subtracted ffom each

CFS spectrum for x>O, after matching the fiat region between hv= 105 eV and hv= 117 eV.

7%e upper part of Fig. 4b displays the CFS spectra corrected by removing the non-R 4d

absorption features as described above, The spectra am scaled to have the same magnitude at

13leV, They are essentially i&mtical for all x, giving evidence of no valence change as a function

of x. The ovelall Iincshapes of these CFS specma are very similar to that for Pr meta12u, shown

at the bottom of the figure. Because of insufficient statistics, the weak fine-structure features29-31

which are USUally observed between 105 eV and 120 eV just before the giant absorption edge

for R 3-t, can not be seen clearly in the CFS of Y1.-.RXBa2CuJ04.4. Due to the dynamical

effects of hybridization, XAS spectral weights typically are not in direct proportion to the valence

‘b At present our conclusions areand require detailed theoretical analysis to extract a valence .

Iirnited to the observation that there is no indication of a separate 4d-4f absorption process

corresponding to a different valence state in any of the CFS spectra, which shows, at least, that
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strong mixed valence does not occur, and certainly not a pure Pr4+ state.

We have also measured the RESPES valence band spectra near the Cu 3pa3d absorption

edge and near the O 2s-+ 2p absorption edge, the conduction band brernsstrahhg isochromat

spectrum and the core-level x-ray photoemission spec~ of Cu 2p/ O 1s/ Ba 3d states for the

Y: .XPrxBazCu307+ system. All of these results will be reported in detail in another paper.

Among other things, we find that the Cu valence is essentially unchanged with x.

IV. SUMMARY AND DISCUSSION

We now discuss the implications of our results for the magnitude of the Pr magnetic moment

and the mechanism of TC-quenching. We have found that the R valence is close to 3+ for all x,

consistent with XAS results and with lattice parameter measurements. In addition, the extracted

R 4f spectrum has almost no weight at EF, while the Pr 4f spectral lineshape indicates much

hybridization to other valence band states. As discussed in the introduction, the measured R

magnetic moment is smaller than one would expect for P?+. A reduced moment could arise from

quenching of the orbital angular momentum due to the low-symmetry crystal field. Although

such effects are usually expected to be larger for transition metal ions than rare ewths because the

4f shells of the latter lie deep iusi& the filled 5s and 5p shells, the observed strong hybridization,

which is one microscopic ori,qin of the crystal field, suggests thai the crystal field effects could

be large in this case. indeed, crystal field splittings were obsetved in specific heat data32 for

RBa2Cu307+ materials, although not specifically for R=Pr. In Ce intermetallic compounds33

there is strong evidence that hybridization between the 4f and conduction band electrons leads

m magnetic moment suppression due to the Konch effect. But for the Pr alloys considered here

the density of states at the Fermi level seems too small for this mechanism, and for x=1, the

materials are insulators. At present, then, it seems that the the magnetic moment reduction must

be atrnbutcd to the large hybridization but the exact mechanism has not been identified.

Our findings in this study strongly suggest an alternative m the prrvious suggestions that

superconductivity is quenched by the charge transfer mechanism, i.e., that the Pr valence departs
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from 3+ so that extra electrons from the Pr ion are transferred to the CU-O planes. The fact

that Pr is close to 3+ makes this mechanism implausible. Our result suggests the alternative

that extensive hybridization between R 4f and other valence band states may have disrupted

some feature of the electronic or magnetic structure of the x=() material which is essential for

superconductivity. This mechanism would apply particularly to the rare earths Pr, Ce and T%

for which the 4f states have small 3+ ionization energies degenerate with the other valence barid

states, a situation favoring strong hybridization.

The Y/Pr layer is located between two CU-O planes in the crystal smucture~ and the nearest

neighbors of an YiPr-site are oxygens in the CU-O planes, and so it is expected that hybridization

between R 4f states and 2p states of the O atoms ir the CU-O planes is the largest. A likely result

is a suprexchange interaction between the moments of l% atoms and those of the planar Cu atoms.

Rare earth-transition metal exchange interactions are known to occur for the perovskite rare emh

onhofertiries and orthochromites. 35 Neutron scattering experiments now being performed36 for

FrEla2Cu3074 may provide direct evidence concerning such exchange interactions in the near

future. We might speculate that such interactions could quench superconductivity by altering

magnetic correlations in the CU-O planes, if indeed these comelations play an important role in

the pairing interaction, as many believe. Alternatively the superconductivity may be affected

through changes in the electronic structure of *he oxygen states, since it appears likely that holes

in these states provide carriers for pahing. Moreover, orbitals perpendicular to the CU-O planes

are expected to have larger hybridization with the Pr 4f states rather than those parallel to the

CU-O planes bemuse tie Y/Pr layer is located between two CU-O planes. This may provide a

way to undersuind the fact that the orthorhombic distonion is greatly diminished with increasing

x in YI_XRXJ3aZCU307+1, The orr.horhombic distortion is determined by the distribution of

oxygen atoms along the CU-O chains34 and it is possible that these oxygen atoms feel the effect

of I% sulm!itution via the coupling between the oxygen orbitals Perpendicular to [he CU-O planes

and the oxygen o~biuds in the bridging sires,

To summarize, our major finding in the YI _XPrXBa2Cu307A system is that [he Pr valence
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is close to 3+ for all x and that the extracted R 4f spectral weight has a broad and asymmctic

lincshape which implies a large hybridization with other valence band states. From this finding,

we infer that Pr 4fm 2p hybridization must have altered the elccfronic or magnetic structure

of the x=O material in some essential way to cause the TC-suppression, possibly involving

supcrexchange with planar Cu.
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FIGURE CAPTIO!US

Fig. 1.The norms.lizcd valence band spectrum for x=1.0 near the R 4d to 4f absorption edge. The

R 4f emission shows a resonant behavior between EF and -6 eV.

Fig.2.The extracted Pr 4f s~ctra for x=O.2, 0.4, 0.6, 0.8, and 1.0. Note the broad and asymmernc

lincshape.

Fig.3.(a) Top: the CIS spectra at ~= 4.8 eV for x=O.2, 0.4, 0.6, and 0,8. Note that the spectra

are essentially identical.

Bottom: R 4f CIS of R-metal (Gerken, ref. 24).

(b) The CIS spectra for YO.zRO.sBa@sOT~ at different Ei’s in the R 4f spectrum, (a) Ei=

4,8 eV, (b) Ei= -3.1 eV, ~d (c) Ei= -6 eV.

Fig.4.(a) The r~w CFS spectra near R 4d absorption for x=O.2, 0,4,0,6, and 0.8.

(b) Shown at the top arc CFS spectra, comctcd from those in Fig. 4a as described in the

text. The linehsapes are same for all x and very similar to that for R-metal (Gerken, ref.

24), shown at the bottom.

1()



1.

2.

3.

4.

5.

7.

8.

9.

Y. Dalichaouc~ M.S. Torikachvili, E.A. Early, B.W. Lee, C.L. Seaman, K.N. Yang,H. Zou,

and M. B. Maple, Scdid State Commun. 6S, 1001 (1987)

L. So&holm, K. Zhang, D.G. Hinks, M.A. Berm, J.D. Jorgensen, C.U. Segrc, and I.K.

Schuller, Nature 328, 604 (1987).

J.K. Liang, X.T. Xu, S.S. Xie, G.H. Rae, X.Y. Shao, and Z.G. Duan, Z. Phys. B 69, 137

(1987).

K.N. Yang, B.W. Lee, M.B. Maple, and S.S. La&man, Applied Physics (in press).

K.N. Yang, Y. Dalichaouch, J.M. Fcncira, B.W. Lee, J.J. Neumcier, M.S. T-hvili, H.

Zhou, M.B. Maple, and R.R. Hake, Solid State Commun, 63, 515 (1987).

M.B. Maple, Y. Dalichaouch, J.M. Ferreha, R.R. Hake, B.W. Lee, J.J. Neumeier, M.S.

Torikachvili, K.N. Yang, H. Zhou, R,P. Guertin, and M.V. Kunc, Physics 148 B, 155

(1987), and references therein.

P.H. Her, R.L. Meng, Y.Q. Wang, L.Gac, ZJ. Huang, J. Bcchtold, K. Forstcr, and C.W.

all, Phys. Rev. La. S8, 1891 (1987).

Z FISL J.D. Thompson, E. Zimgiebl, J.L, Smith, and S.W. Chcong, Solid State Commun.

62, 743 (1987),

K.N. Yang, Y. Dalichaouch, J.M, Ferrcira, R,R. Hake, B.W. be, J.J. Neumeier, M.S.

Torikaclivili, H. Zhou, md M.B. Maple, Jap. J. of Appl. Phys. supplement 26-3, 1037

(1987).

10. S. Hem, J.Cai, S.A. Shaken, Y, Jeon, M, Croft, C,L, Chang ?nd M,L. denBocr, Phys, Rev.

B 36, 3895 (1987).

11. F, Lytle, R. Grccgor, E. Marques, E, Iarson, J. Wong, and C. Violet, proposal 1097, SSRL

Activity Report for 1987.

12, J.W. Allen, S.-J. Oh, O. Gunnarwon, K. Schtinhammer, M.B. Maple, M.S. Tmikuchvili, nnd

1, Lindau, Adv. in Phys, 3S, 27!! (1987).

13, J.J. Yeh, and I. Lindau, Atomic Data and Nuclear Tables 32, I (1985),

II



14. U. Fano, ph)%4. RCV. 124, 1866 (1%1).

15. J.W. Allen, J. Msg. Msg. Matcrais. 47 & 48, 168, (Noxth-HoliandiAmsterdam, 1985).

16. S.-J. Oh and J.W. Alien, Phys. Rev. B 29,389 (1984).

17. S.-J. Oh, J.W. Allen and I. Limlau, Phys. Rev. B 30, 1937 (1984).

18. P.D. Johnson, S.L. Qiu, L. Jiang, M.W. Ruckman, M. Stnmgin, S.L. Hulbcrt, R.F. Garrett,

B. Sinkovic, N.V. Smith, R.J. Cavq C.S. Jce, D. Nichols, E. Kaczanowicz, R.E. Saloman,

and J.E. bW, phyS. Rev. B 3S, 8811 (1987).

19. R.L. Kurz, R.L. Stockbaucr, D. Mullcr, A. Shih, L.E. Toth, M. Osofsky, and S.A. Wolf,

Phys. Rev. B 3S, 8818 (1987).

20. J.A. Yarmoff, D.R Clarke, W. Drubc, U.O. Karlsson, A. ‘Thleb-Ibrahimi,and F.J. Himpscl,

Phys. Rev. B 36, 3%7 (1987).

21, P. ‘fhiry, G. Rossi, Y. P@troff,A. !kvcokvschi, and J, Jegoudc% preprint (1987).

22. Z-X. Shen, J W. Allen, ?.-J. Yeh, J.-S. Kang, W. Ellis, W.E. Spiccr, I. Linday, M.B. Mapk,

Y.D. Dalichaouch, M.S. Torikachvili, J.Z. Sun, md T.H. Gebaile, Phys. Rev. B 36, 8414

(1987).

23. N.G. Stoffel, Y. Chang, M.K. Kelly, L. Dotti, M. Ordlion, P.A. morris, W.A. Bonncr, and

G. Mnrgaritondo, Phys. RCV. B 37, 7952 (1988).

24. R,D. Parks, S. Raacn, M.L. &nBoer, Y.-S. Chang, and G.P. Wdliams, Phys. Rev. Lett.

52, 2176 (1984),

25. E.V. Sampathkumaran, G. Kaindl, C. Laubschat, W. Kronc, and G. Wortmann, Phys. Rev.

B 31, 3185 (1985).

26, 0, Ounnarsson and K, SchOnhammer,Phys, Rev. B 28, 4315 (1983); Phys. Rcv.B 31,

4815 (1985); in Hau#ook on the Physfcs and Chemistry ofRam Earthr, edited by K.A,

Gschneidncr, L. Eying and S. H(lfner (North-Holland, Amsterdam, 1987), Vol. 10, p. 165.

27, D,M. Wkliczka, C. G, Olson, and D,W, Lynch, Phys, Rev, Lat. 52, 2180 (1984),

28, F. Gcrkcn, Ph D. Thesis, Univershy of Hamburg (1982).

29, T,M, Zinkina, V.A. Fomichev, S.A. Gribovskii, and 1.1,Zhukova, Soviet Physics, 9, 1128

12



(1967).

30. V.A. Fomichcv, T.M. Zinkina, S.A. Gribovskii, and 1.1.Zhukova, Soviet Physics, 9, 1163

(1%7).

31. R. Hacnscl, P. Rabc, B. Sonntag, and Solid State Commun. 8, 1845 (1970).

32. J.M. Fcrrcira, B.-W. Lee, Y. Dalichaouch, M.S. ‘1’brikachvili,K.N. Yang and M.B. Maple,

Phys. Rev. B 37, 1580 (1988),

33. J.W. Allen, S.-J. Oh, I. Lindau, M.B. Maple, J.F. Suassuna, and S.B. Hagstrom, Phys. Rev.

B 30, 1937 (1984).

34. for example, J.D. Jorgensen, B.W. Veal, W.K. Kwok, G.W. Crabucc, A. Umezawa, L.J.

Nowicki, and A.P. Paulikas, Phys. Rev. B 36, 5731 (1987), and references therein.

35. See ardcles in Magnetic Oxides, edited by D.J. Craik (WIlcy, London, 1975).

36, S. Chittipcddi, Y. Song, J.R. Gaines, W.M. Fameth, E.W. McCarron III, and A,J. Epstein,

private communication.

13



n
V3

——’—r——r———l’———i—
r’!

EDC

127

124

119

115

1 1 1 1 1 I I 1 I LU_LLJ_LL_L

–40 –30 -20 –10 0

ENERGY RELATIVE TC EF(eV)



w

.

Y1_J%-XBa2Cu30~-d

PES Pr 4f /’)

x

-lo -5 0
ENERGY RELATIVE TO EF(eV)



.

.

I “1

[

-1 I I I I 1 i i I

I

I T-1

Y1.#r#a2Cu307.d

CIS
atEi=-0.8eV

Pr 4f CIS

(Gerken)

I 1 1 I I 1 I I I 1 1 I 1 I

110 120 130 140
PHOTON ENERGY (eV)



1 1

I

I 1 I J

I

I I 1 I

I

1 r 1 I

& #’r(j4@2cu3°7-~

CIS

-.

A

v

110 120 130 140
PHOTON ENERGY (eV)



.

1 I

I
1 1 I 1

I
1 I 1 1

I
1 I I 1

CFS

I 1 I I I I 1 I 1 I 1 I I 1 1 I 1

110 120 130 140
PHOTON ENERGY (eV)



w

x

Pr 4f CFS

(Gerken)

110 120 130 140
PHOTON ENERGY (eV)


